The sustainable management of mixed ombrophilous forest is an effective way to perpetuate the survival of Brazilian pine and to generate environmental, economic and social benefits. So, this study aimed to describe the dynamics of the diametric distribution to propose a management intervention using the Liocourt model for a natural forest of Araucaria angustifolia within 84 ha of forests located in Lages, SC, Brazil. A total of 25 permanent plots of 400 m² were evaluated in two periods (periodic inventory performed in 2012 and 2016). The diameters at the breast height and the total height of all Brazilian pine individuals with diameter from 10 centimeters were measured. For the calculation of the quotient "q" the individuals were divided into diametric classes with intervals of 5 cm. The cutting intensity and the cutting rate for the cutting cycles of 20, 25 and 30 years were also calculated. This Brazilian pine forest presented J-inverted distribution curve and the value for the quotient "q" was 1.32. The cutting rates were 44.89 m³. ha In conclusion, this work demonstrated a forest structure that allows the forest management activity and the use of Liocourt method as a tool to elaborate forest management plans and to improve the forest interventions in Brazilian pine forests.
Introduction
Araucaria angustifolia (Bertol.) Kuntze. known as Brazilian Pine or Paraná Pine is a characteristic and exclusive native species of the Mixed Ombrophilous Forest (Lorenzi, 2002; Carvalho, 2003) . The high-quality wood with wide applicability (Paula and Alves, 2007) combined with the high commercial value of its wood, have made this species subject to an intense process of predatory exploitation, which resulted in a drastic reduction of numbers (Medeiros et al, 2005) .
Currently, the remainder of these forests is estimated about 2 to 4% of the original coverage area (Guerra et al., 2002) . In view of that, some laws that prohibited the cutting of A. angustifolia were created to control the fragmentation of Brazilian pine forest but this prohibition was not efficient and it did not help to preserve the remnants of these forests.
An effective measure against the advance fragmentation of the mixed ombrophilous forest might be the forest management according to Rosot, (2007) . Sanquetta (2003) emphasized that forest management is a decisive element to perpetuate the survival of Brazilian pine. It can contribute to stimulate the natural regeneration to increase the growth rates of the remaining trees and to reduce the natural mortality rates in the forest.
In order to achieve a quality management, we should obtain more knowledge about the structural dynamics of the forest and about the best forest management tools to perform the silvicultural interventions. Some studies have been developed with the aim of achieving the sustainable management of mixed ombrophilous forest using the Liocourt model (Hess et al., 2010 , Hess, 2012 Hess et al., 2014) . These projects have the purpose of regulating the number of individuals in overstocked environments, controlling the competition between trees, and consequently, maximizing the trees increment and production, characterizing a sustainable forest production. The Liocourt model was created to obtain the normal growing stock in a forest, to conserve and consequently ensuring a sustainable return (De Liocourt, 1898) . This author emphasized that the forest is established by trees belonging to all diameter classes and he recommended the study of the diameters distribution. In what that could be considered an ideal forest conditions, the number of trees tends to decrease in successive diameter classes by a constant ratio, named q, the "diminution quotient" (Pageo and Arrarás, 2013) .
The verification of the diameter distribution is fundamental because it allows the analysis of uneven-aged forests, enabling the foresters to know and understand the species that make the forest structure. It also allows a better planning to perform appropriate strategies to manage and conserve these environments (Batista et al., 2015) .
It is important to emphasize that the Liocourt's method mainly describes the diameter distribution of natural forest, also indicates the demographic balance between in-growth, up-growth transitions of classes and mortality. It makes the Liocourt's method an important tool to promote management systems, once a management system planned by diameter distribution, where the harvest process can be considered sustainable (Picard and Gasparotto, 2016) .
The study by Kerr (2014) , reviewing the Liocourt's highlights the key point of this method. To reach a "normal forest", we need to have a a complete series of age classes that would allow an equal volume yields from annual or periodic cuttings under the given rotation and the silviculture system. In addition, the author emphasized the motivation to determine the maximum financial yield, as well as the relation between the size of the growing stock, its distribution among trees of different sizes and volume increase.
This study aimed to describe the dynamics of the diametric distribution and to propose a silviculture intervention using the Liocourt method for a natural forest of Brazilian pine (Araucaria angustifolia) located within 84 ha of Lages, Santa Catarina State forests, Southern Brazil. This research introduces the knowledge to promote a sustainable forest production in mixed ombrophilous forest areas, bringing environmental, financial and social benefits to forest owners and to Brazilian society.
Results and Discussion

Comparison of the diameter distribution (2012-2016)
The diameter distribution of this Brazilian pine fragment behaved as expected for unequal forests (Figure 1 ), presenting distribution curves in the J-inverted form (Alves Junior, 2010; Hess et al., 2010; Hess, 2012; Ricken, 2014) . This distribution presents a balanced structure, which allows the determination of intervention based on the model for unequal forests proposed by De Liocourt (1989) .
In the first evaluation (2012), 328 individuals were measured, and in 2016 this number increased to 330, due to the higher in-growth rate than the mortality rate, representing three ingrowth and one mortality. A decrease of 18.82% in the number of individuals was observed in the class center of 12.5 cm, compared with the survey conducted in 2012 (Figure 2 ). This demonstrates that the forest ingrowth is low, a fact that may related with the competition by the individuals with minor diameters. The other diameter classes had an unimpressive increase of individuals, and the classes of 22.5 cm and 67.2 cm maintained the number of trees steady, indicating a stagnation of the growth caused by competition factors.
Only the class of 12.5 cm represented a significant ingrowth for the later diameter classes, when compared to the survey conducted in 2012. However, this reduction in the number of trees in the smallest diameter class compromises the dynamics of the future forest structure, indicating the need for silvicultural interventions to conserve the forest structure.
Liocourt quotient "q" -The diminution quotient
The value of the Liocourt quotient "q" for the studied population was 1.32, while in 2012 (first survey) the value found by Ricken was 1.4. Studies by Hess et al. (2010) , Hess (2012) and Hess et al. (2014) , using the Liocourt quotient as a proposal for the management of Brazilian pine in the Santa Catarina State, found "q" values of 1.33, 1.32 and 1.1, respectively. It is important to emphasize that Liocourt values resembling 1 indicate a higher concentration of individuals in the initial diameter classes and a low frequency of individuals in the larger diameters classes (Alves Junior et al., 2010) .
In contrast with the survey in 2012, the lower value of "q" found in this study (2016) is due to the decrease in individuals in the first diameter class (10 to 14.9 cm) because they grew and reach the larger classes ( Figure 2 ). , we made a proposal of silvicultural intervention which consisted of varying Liocourt quotient values (q = 1.1, 1.3, 1.5). Thus, we established nine scenarios, considering the maximum DBH of 42.5 cm and basal areas remaining of 10, 12 and 14 m 2 .ha -1 ( Figure 3 ). As shown in Figure 3 , the increase in the "q" value has permanence in the number of individuals with smaller diameters per hectare and a decrease in the number of trees with larger diameters, a fact that also evidenced by Costa (2015) . While the remaining basal area increased, there was an increase in the number of individuals of all classes.
In Table 1 , it is possible to observe the expected frequency, the number of trees to be removed and the basal area to be removed per diameter class, for the simulation of the Liocourt quotient of 1.1 and varying the remaining basal area to 10, 12 and 14 m 2 .ha -1 . As shown in Figure 3 , it is noted that for a "q" value of 1.1 and the remaining basal area of 10 m Table 1 . Diameter classes, observed and estimated frequencies, number of trees and basal area to be removed for a maximum diameter of 42.5 cm, with the simulation of the "q" value of 1.1 and the remaining basal area ranging from 10, 12 and 14 m².ha -1 for a forest fragment of Araucaria angustifolia located in Lages, Santa Catarina, Brazil.
DBH (cm)
FO (ha -1 ) "q" = 1.1 Gr =10 "q" = 1.1 Gr = 12 "q" = 1. Table 2 . Diameter classes, observed and estimated frequencies, number of trees and basal area to be removed for a maximum diameter of 42.5 cm, with the simulation of the "q" value of 1.3 and the remaining basal area ranging from 10, 12 and 14 m².ha -1 for a forest fragment of Araucaria angustifolia located in Lages, Santa Catarina, Brazil.
) "q" = 1.3 Gr =10 "q" = 1.3 Gr = 12 "q" = 1. Where: DBH = Diameter at the breast height , FO = Observed frequency; FE = estimated frequency; NR = number of trees to be removed per diameter class center G = basal area in square meters per hectare to be remove per diameter class center. Table 3 . Diameter classes, observed and estimated frequencies, number of trees and basal area to be removed for a maximum diameter of 42.5 cm, with the simulation of the "q" value of 1.5 and the remaining basal area ranging from 10, 12 and 14 m².ha -1 for a forest fragment of Araucaria angustifolia located in Lages, Santa Catarina, Brazil. "q" = 1.5 Gr = 12 "q" = 1. Where: DBH = Diameter at the breast height , FO = Observed frequency; FE = estimated frequency; NR = number of trees to be removed per diameter class center , G = basal area in square meters per hectare to be remove per diameter class center.
Where: N/ha= Number of individuals per hectare Table 4 . Classes of diameter, observed and estimated frequencies, basal area, volume, number of trees and basal area to be removed for a maximum diameter of 42.5 cm and a value of "q" of 1.32 for a forest fragment of Araucaria angustifolia located in Lages, Santa Catarina, Brazil.
Where: DBH = Diameter at the breast height , FO = Observed frequency; FE = estimated frequency; NR = number of trees to be removed per diameter class center G = basal area in square meters per hectare V = volume in cubic meters per hectare. With the increase in remaining basal area, there was a rise in the number of trees in all diametric classes combined with a decrease in the number of trees to be removed from the fragment and, consequently a decrease in the basal area to be harvested. It is important to highlight that this tendency of increase in the number of trees in all diametric classes due to enhancement of the remaining basal area was also observed for the Liocourt quotient simulations of 1.3 (Table 2 ) and 1.5 (Table 3) .
Considering the "q" of 1.3, the trees need to be removed to focus more on the diametric classes of 12.5 to 62.5 cm (Table 2 ). In comparison, ''q'' of 1.1 presents a decrease of NR and an increase in the total basal area to be harvested, as a consequence of the larger diameters of the trees that would be removed. By simulation of "q" 1.5, the NR is in the classes of 27.5 to 72.5 cm (Table 3) , increasing the total basal area to be removed per hectare of the fragment.
Analyzing the simulation for the values of 1.1, 1.3 and 1.5 (Table 1, 2 and 3), we can state that the "q" of 1.5 and the remaining basal area of 12 or 14 m 2 .ha -1 are the best scenarios for the Araucaria fragment, since the trees that need removal would be those of larger diameters, meaning that trees with small diameters would be maintained. This activity is important because it provides the stability of the fragment.
However, for forest characteristics with "q" equal to 1.5 and a basal area remaining of 12 or 14 m².ha -1 , it would be necessary to insert some individuals in the classes 12.5 to 27.5 cm (Table 3) . Therefore, for the remaining basal area of 12 m².ha -1 it would be necessary to plant 78 Araucaria seedlings and for the remaining basal area of 14 m².ha -1 , the manager should plant 123 seedlings.
Cutting intensity and cutting rate based on Liocourt quotient and forest increment
The management by Liocourt method consists of the establishment of a maximum diameter. So for this study, we stipulated a maximum diameter of 42.5 cm. In order to obtain the number of trees to be removed in each diameter class, the observed frequency was subtracted from the estimated frequency (Table 4 ). In addition, Table 4 shows the quantity of the basal area for the individuals that can be harvested in each class, as well as the commercial volume, considering the maximum diameter of 42.5 cm.
According to the Table 4 , Araucaria individuals from the diameter classes 37.5 to 52.5 cm can be removed for the desired maximum diameter of 42. . Considering the total area (84 ha), the silvicultural intervention can remove 394 m²; thus, avoiding the increment stagnation of this fragment.
In this fragment, when the study considered only the classes above 40 cm, the total volume was 288.51 m³.ha . For the 84 hectares, the commercial volume was 16,132.2 m³. Based on the PAIv weighted %, the Table 5 presents the sustained cutting rate for Brazilian pine stands/fragments considering cutting cycles of 20, 25 and 30 years.
The values of cutting intensity and cutting rate varied according to the value established for the cutting cycle (Table 5) . Applying a cutting cycle of 20 years, the cutting intensity was 23.37% with a cutting rate of 44.89 m³.ha . In total, it is noteworthy that with the use of sustainable forest management, the potential volume of wood that can be removed from this fragment would bring economic, social and ecological benefits to the whole society. In the economic sphere, the management activity would be an extra income for the population of the area. Also, in the social concepts, the producers would see the benefits provided by forest and would protect and conserve it more effectively, recognizing its great potential and importance. In an ecological view, clearing a similar dimensions as natural has the potential to regulate the ecological conditions to active innumerable biological and biochemical processes, being these factors fundamental to generate forest dynamics, yield and growth in the managed areas (Ferreira et al., 2008) 
Materials and methods
Study area
The study site is a natural fragment of Brazilian pine located in the municipality of Lages, Santa Catarina State, Brazil. It has a total area of 84 ha and it is located at the coordinates of 27° 49'27 "S and 50° 06'26" W. According to Köeppen classification, the climate is mesothermic humid (Cfb) with mild summers. The municipality has an approximate altitude of 987 m, with average annual temperature variation between 13.8 °C and 15.8 °C and average annual rainfall ranging from 1360 mm to 1600 mm (Pandolfo et al., 2002) .
Data collection from plant materials
In the year 2012, 25 plots (fixed area method) were installed systematically in the area. They have a dimension of 20 m x 20 m, totaling 400 m² each one, being the distance between plots of 50 m and between lines of 100 m. Biometric data were collected from all trees with diameter at breast height (DBH) from 10 cm. In 2016, all trees were re-measured to obtain the DBH and total height (h) and also we verified the ingrowth and mortality.
Data processing and analysis
In order to calculate the Liocourt quotient "q" to evaluate the diametric structure and to propose the sustainable management for this fragment, the individuals were divided into diametric classes with intervals of 5 cm. Frequency data per diameter classes were adjusted using the Meyer distribution function (equation 1):
Where; Ni = frequency per hectare in the class of diameter i; DBHi = center of DBH class, in centimeters; β0 and β1 = estimated regression coefficients; Ɛi = residual error.
Afterwards, from the adjusted distribution function, the quotient "q" was obtained, with the use of equation 2, which uses the ratio between the frequencies of a class of any diameter (Xi), by the frequency immediately above (Xi + 1).
Where: q= Liocourt quotient value; DBHi = center of DBH class, in centimeters; β0 and β1 = estimated regression coefficients;
Intensity and proposition of intervention for three cutting cycles
For the volume calculation we used the equation proposed by Hess et al. (2007) , with R²aj. of 0.99, standard error of 0.0254 m³, coefficient of variation of 4.16% and F value of 26277.8 (equation 3): v=0,0071+0,00005*dbh²+0,00003*dbh²*h+0,00004*dbh*h²-0,0006*h² (3) Where: V = volume in cubic meters; DBH = diameter at the breast height in centimeters; H = total height in meters.
The periodic annual increment in percentage of volume (PAIv%) for the area is 1.68% for a cutting cycle of 25 years, according to Ricken (2014) . Considering this cutting cycle, the cutting intensity (equation 4) and the cutting rate 
Where: CR: Cutting rate in volume for the cutting cycle; Vr: Actual forest volume available, in cubic meters; CI: Cutting intensity.
This study considered cutting cycles of 20, 25 and 30 years. It was based on studies performed in the same area by Hess (2010) , where it obtained a cutting cycle of 23 years and by Ricken (2014) , which established a cut cycle of 25 years.
Conclusion
The reduction in the number of individuals in the class of smaller diameter was observed in 2016 measurements and their insertion into the larger diameter classes was responsible for the decrease in the value of "q", which went down from 1.4 to 1.32. The Liocourt method as a forest management technique indicated the possibility of forest interventions with harvests ranging from 44.89 m³.ha -1 to 86.52 m³.ha -1 , in cutting cycles ranging from 20 to 30 years. Finally, the sustainable forest management of this population, which aims to remove the individuals with larger diameters, will provide more space for the remaining trees, improving its development, since it would reduce the competition for space, light, and nutrients.
